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DIAGNOSTIC KITS AND METHODS FOR MAKING 
GRANULOCYTE CELL COUNTS 

RELATION TO OTHER APPLICATION 

This application is a continuation-in-part 
of application No. 07/727,582 filed 9 July 1991. 

FIELD OP THE INVENTION 



The present invention relates: (a) to 
novel, improved methods for determining whether 
granulocytes are present in a blood sample and for 
making a granulocyte cell count, and (b) to novel kits 
15 for making those determinations and analyses. 

BACKGROUND OF THE INVENTION 

Blood serves as a chemical transport and 
20 communication system for the body. it contains a 
number of structurally and functionally diverse 
cellular components. The major components are red 
cells, platelets and white blood cells, or leukocytes. 
These components are sub-divided, and granulocytes 
25 comprise the major fraction of the leukocytes. 
Granulocytes are a vital component, providing body 
defenses against infection. One of the. characteristic 
responses of the body to infection is an elevation in 
white blood cell count. Although infections are 
30 usually associated with an increased white cell count, 
decreases can also occur, especially if the bacterial 
invasion is massive or if the causative agent is a 
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virus. Such decreases are usually due to a general- 
ized depression of the bone marrow. 

A rare, but potentially life-threatening 
complication of several drugs with otherwise benefi- 
5 cial therapeutic properties is their ability to 
inhibit granulocyte production by the bone marrow. In 
most cases, the development of the toxic side effect 
is unpredictable and does not become manifest until 
severie clinical complications are apparent. Thus, 

10 early recognition of an impairment in granulocyte 
formation, signalling the need for appropriate preven- 
tive measures, would greatly reduce the risk associat- 
ed with the use of drugs known to be capable of 
interfering with granulocyte formation. 

15 Predominant in granulocyte populations are 

the neutrophils or polymorphonuclear leukocytes. The 
neutrophils engulf foreign particles, for example 
bacterial cells, by phagocytosis which is facilitated 
by prior coating of the target by proteins known as 

20 opsonins. This initial step is followed by decomposi- 
tion of the engulfed species by intracellular process- 
es involving the combined action of degradative 
enzymes and of chemically reactive products of oxygen. 

An important component in the generation of 

25 the reactive products of oxygen is the enzyme myelo- 
peroxidase (HPO) which has been used as a marker for 
neutrophils. The action of MPO on intracellular 
chloride ions in the presence of metabolically gener- 
ated hydrogen peroxide produces hypochlorous acid, 

30 which chemically degrades the foreign particles. 

Important leukocyte disorders primarily 
involve changes in either the functional characteris- 
tics of the leukocyte or in the number of circulating 
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leukocytes. One example of the former is chronic 
granulomatous disease in which granulocytes show a 
reduced capacity to generate reactive oxidant species 
in the so-called "respiratory burst" which normally 
5 destroys microorganisms that have been engulfed by 
phagocytic cells. Individuals affected with granulom- 
atous disease usually die at an early age because of 
an inability to combat infection. 

Granulocytes may increase in number in 

10 certain instances, usually in association with infec- 
tion or a leukemic condition. Conversely, the clini- 
cal situation in which granulocyte numbers are reduced 
relative to normal also occurs. This condition, 
granulocytopenia, is the most frequent cause of drug 

15 or disease related alterations in body defenses 
against infection. Agranulocytosis, an extreme form 
of this disorder, is characterized by a severe and 
selective drop in the number of circulating neutro- 
phils, predisposing the patient to serious and possi- 

20 bly even life-threatening infections. Any form of 
granulocyte deficiency has potentially serious clini- 
cal consequences, and early identification is crucial 
if the consequences of those deficiencies are to be 
averted. 

25 A white blood cell count is one of the most 

commonly obtained laboratory values in clinical 
medicine. Total cell counts can be obtained by using 
automatic electronic devices available in clinical 
analytical laboratories. The quantitative assessment 

30 of individual blood cell types (the "differential 
count") is made by manual microscopic examination of 
stained blood smears or with an automated system such 
as a Coulter counter. Nevertheless, a white blood 
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cell test requires a visit to a physician, a 7 milli- 
liter venous blood sample and up to a three-day wait 
for laboratory results. In addition to inconvenience, 
delayed test results can severely affect the prognosis 
5 of a patient. 

These drawbacks are compounded by virtue of 
white blood cell counts being probably the most 
commonly obtained laboratory values in clinical 
medicine. The cost of obtaining white blood cell 
10 counts is staggering, even not taking into account the 
cost of the time lost by those for whom this test is 
ordered. 

The relative proportions of the different 
white blood cell types is of considerable importance 

15 in assessing the clinical implications of any leuko- 
cyte deficiency state (leukopenia). Thus, for exam- 
ple, a marked reduction in leukocyte levels can 
sometimes be fairly well tolerated provided that 
neutrophils comprise at least 15 to 20 percent of the 

20 total white cell population, compared with the normal 
range of 40 to 70 percent. 

Neutrophil status is a very important 
diagnostic indicator, not only because of the crucial 
role of these cells in the defense against infection, 

25 but also because the average lifetime of neutrophils 
in the body is very much shorter than that of other 
types of blood cells such as red cells or platelets. 
As a result, decreased levels of circulating neutro- 
phils can provide an early warning of impairment in 

30 bone marrow function which can occur in association 
with certain disease states or as a serious, and 
potentially fatal, complication of drug therapy or 
exposure to radiation. A state of neutrophil defi- 
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clency (neutropenia) is generally assumed to exist if 
the number of cells falls below 1,500 cells per 
microliter of blood. However, a considerable range of 
"normal" values exist for numbers of circulating 
5 leukocytes. Many blacks and Middle Eastern popula- 
tions have neutrophil counts considerably lower than 
those of the average European. 

In some cases, neutropenia can be anticipat- 
ed and appropriate measures taken to minimize the 

10 risks. For example, patients receiving chemotherapy 
for the treatment of acute leukemia are . prone to 
develop neutropenic enterocolitis which is caused by 
bacterial overgrowth in the intestinal tract. Al- 
though often limiting, this condition can damage the 

15 wall of the intestine and ' even result in perforation 
of the bowel. 

In contrast to the above, predictable, dose- 
related risk of neutropenia for anticancer drugs 
(which reflects the preferential action of the drugs 

20 on rapidly multiplying cells), the development of 
agranulocytosis is virtually unpredictable. Agranulo- 
cytosis is a rare but potentially fatal toxic side 
effect of several commonly used therapeutic agents. 
The incidence seems to increase substantially over age 

25 40 with an apparent increased risk in females. 

Two different forms of the syndrome can be 
distinguished. The allergic type usually appears 
suddenly after the initial exposure to the drug, while 
the toxic variety develops insidiously over several 

30 weeks or months of continuous or intermittent therapy. 
Among the pharmacological agents most commonly impli- 
cated are certain antibiotics, notably the sulphon- 
amides and chloramphenicol, antithyroid drugs (thio- 
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iiracil and propylthiouracil) , gold compounds, non- 
steroidal anti-inflanunatory drugs and some antipsy- 
chotic agents, for example, chlorpromazine and cloza- 
pine. 

5 The mechanism underlying this apparent drug 

sensitization is unknown. The issue of blood monitor- 
ing while a patient is being treated with an agent 
known to be capable of inducing agranulocytosis is 
clearly an important one to consider, and two salient 

10 points should be made. The first is that the onset of 
agranulocytosis need not be associated with the 
immediate development of a full-blown infection 
although, in the absence of routine monitoring of 
leukocyte status^ signs of infection, notably fever or 

15 sore throat, are likely to be the first indication of 
the problem. As a general rule, antimicrobial therapy 
initiated after an infection has progressed to the 
symptomatic stage is likely to be less effective and 
to require more aggressive measures than preventative 

20 interventions. This is particularly so in the case of 
patients with deficient neutrophil or immune status. 
Secondly, continued use of an agranulocytosis-produc- 
ing drug in the early, symptom-free phase of the 
disease can lead to a serious deterioration in the 

25 condition of the patient. Both of these conditions, 
therefore, require frequent assessment of leukocyte 
status in patients receiving drugs known to produce 
agranulocytosis . 

There are two deterrents to this otherwise 

30 sensible, frequent monitoring of white blood cell 
count — cost and inconvenience. There is not cur- 
rently available an inexpensive monitoring device or 
procedure which provides for the early detection of a 
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significant decrease in granulocyte count that could 
warn of the onset of conditions such as agranulocyto- 
sis with a resultant' increase in the acceptability and 
safety of therapeutic regimens employing drugs tending 
5 to produce this and other health and life threatening 
decreases in granulocyte count. 

Increased circulating levels of neutrophils 
— for example^ counts in excess of 10,000 cells per 
microliter of blood — are a common manifestation of 
10 infection. Microbes release chemotactic substances 
which can increase neutrophil activity. This involves 
both a stimulatory action at the level of the bone 
marrow and a mobilization from a less accessible 
marginal pool of neutrophils which are largely con- 
15 fined to the immediate vicinity of blood vessel walls. 
These partially sequestered leukocytes respond to 
chemical signals released from microorganisms or 
damaged tissues and accumulate rapidly at the site of 
microbial attack or injury. A typical example of the 
20 latter is the infiltration of neutrophils which is a 
characteristic feature of the inflammatory response. 

The stimulatory action of microbial toxins 
on bone marrow can lead to large elevations (up to 
tenfold) in the number of circulating neutrophils. In 
25 some instances, such marked responses may be accompa- 
nied by the appearance of immature neutrophil precur- 
sor cells. This is referred to as the leukemoid 
reaction because of the similarity to a situation that 
exists in leukemia. 
30 Myeloperoxidase (MPO) has been employed as 

a marker for granulocytes in a variety of clinical and 
experimental settings. This enzyme is an iron con- 
taining protein that catalyzes a reaction between 
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hydrogen peroxide and chloride ion which produces 
hypochlorous acid. This reaction is important in the 
cheuracteristic respiratory burst that serves to 
destroy bacteria following their phagocytosis by 
5 granulocytes. The absence of detectable MPO activity 
in other cellular elements of the blood provides a way 
of quantifying the severity of tissue inflammation, 
which is reflected in the extent of granulocyte 
infiltration. 

10 Measurement of MPO activity in whole blood 

has also been used in the diagnosis of patients with 
acute leukemia and to monitor bone marrow regeneration 
in such patients following treatment with drugs or 
radiation. 

15 Estimates of MPO activity also form the 

basis of automated analysis of blood smears. 

The activity of MPO can readily be deter- 
mined using oxidation-sensitive dyes which undergo a 
measurable color change during the course of a chemi- 

20 cal reaction. The nature of the color change depends 
on the chemical characteristics of the particular dye 
that is used. 

One procedure of the character just de- 
scribed is disclosed in Russian document No. SU 1180- 

25 001-A dated 1 July 1983 (IRKUT MEDICAL INSTITUTE). 

Another procedure for making a white blood 
cell count, also designed for laboratory settings, is 
disclosed in U.S. patent No. 3,741,875 issued 26 June 
1973 to Ansley et al. for PROCESS AND APPARATUS FOR 

30 OBTAINING A DIFFERENTIAL WHITE BLOOD CELL COUNT. In 
the Ansley et al. process, blood cells in the specimen 
being analyzed are killed; and the catalytic enzymes 
in the cells are immobilized. The cells are stained, 
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and a photometric counter is employed to count the 
dyed cells. 

Like others designed for laboratory set- 
tings, those procedures disclosed in the just-cited 
5 documents employ steps requiring trained personnel and 
specialized equipment and materials such as incuba- 
tors, optical counters, cytochemical substitutes, 
chromogenic precipitating coupling reagents, etc. 

In an outgrowth of work on the detection and 
10 estimation of glucose (see U.S. patent No. 2,848,308 
issued 19 August 1958 for COMPOSITION OF MATTER) , Free 
et al. proposed a test for detecting leukocytes by 
peroxidative activity. in this test, disclosed in 
U.S. patent No. 3,087,794 issued 30 -April 1963 for 
15 CHEMICAL TEST FOR DIFFERENTIATING LEUKOCYTES FROM 
ERYTHROCYTES, contact is effected between urine which 
may contain both leukocytes and erythrocytes and a 
diagnostic composition which contains a peroxide and 
an indicator compound. If the sample contains leuko- 
20 cytes, the peroxidative enzyme will be present; and 
the following reactions will occur: 

peroxidase (enzyme) + Hp^ (substrate) interme- 
diate compound 

intermediate compound + AHj (hydrogen donor which 
25 will change color upon oxidation, reduced color- 

less form) ^ peroxidase + H^O + A (oxidized, 
colored form) 

A semiquantitative result can be obtained by 
measuring the time^ required for the color change to 
30 occur or by observing the change in intensity over a 
specified period of time. 

The Free et al. process as applied to 
leukocyte analysis has very important drawbacks. One 
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is that the test can't be applied to blood because of 
hemoglobin interference. Erythrocytes and leukocytes 
(red cells and white cells) both show peroxidative 
activity. The major difference is that letikocyte 
5 peroxidase is active at low concentrations of Kfljf 
while the peroxidative activity of erythrocytes is due 
to the peroxidase- like activity of the hemoglobin, 
which requires a much higher concentration of HjO^ to 
become operative. Therefore, the color reaction at a 

10 low concentration of H2O2 is due to the presence of 
leukocytes and the color reaction at a high concentra- 
tion of H2O2 is due to the presence of red cells 
(especially since myeloperoxidase tends to be inhibit- 
ed by high concentrations of HjO^) . 

15 A second major drawback of the Free et al. 

procedure is that no provision is made for releasing 
material with oxidative reactivity from the cells 
potentially present in the specimen before the deter- 
mination of leukocyte activity is made. This defi- 

20 ciency is significant because the material in question 
is typically present inside the cell instead of on the 
cell surface, the marker enzyme myeloperoxidase for 
granulocytes being typical in this respect. Absent 
anything for releasing such materials, therefore, a 

25 false white blood cell count will almost certainly be 
obtained. 

Another significant drawback of the Free et 
al. process as applied to the making of white blood 
cell counts is that no provision is made for eliminat- 
30 ing interference from other blood components. Perhaps 
the most abundant source of this contamination is the 
enzyme catalase found in erythrocytes (red blood 
cells) • Catalase can promote the same peroxide 
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decomposition reactions as white blood cell markers 
such as myeloperoxidase. Consequently, absent a step 
to keep this from happening, a change in the color of 
an oxidation sensitive indicator as used by Free et 
5 al. may not reflect with any degree of accuracy the 
activity of leukocyte in a specimen being analyzed. 

In short there is a continuing, iiqportant 
and unfilled need for a simple, inexpensive, easy-to- 
use, reliable procedure for making white blood cell 
10 counts and for a diagnostic kit implementing such a 
procedure which does not require skilled personnel or 
special facilities or equipment and can be used in 
home and other nonclinical settings with a minimum of 
instruction. This would, as one example, materially 
15 facilitate the treatment of infections as the efficacy 
of a selected course of treatment as a reflection of 
a change in granulocyte count could be much more 
easily ascertained. A procedure of the character in 
question would also significantly increase the ability 
20 to track the effect of those pharmacological agents 
which have the potential of producing a harmful change 
in white blood cell count. 

There is a comparable need for methods and 
kits as characterized in the preceding paragraph which 
25 are sufficiently accurate and efficacious to be useful 
in diagnostic and monitoring protocols by more highly 
trained personnel in field, clinical and other set- 
tings . 

'0 SUMMARY OF THE INVENTION 



such procedures and kits for making white 
cell — specifically granulocyte ~ counts have 
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blood cell — specifically granulocyte — counts have 
now been invented and are disclosed herein. 



invention employ the action of MPO liberated from 
5 granulocytes on hydrogen peroxide to decompose the 
hydrogen peroxide and produce a visible color change 
in an oxidation-sensitive dye. The reaction can be 
quantified either in terms of the intensity of the 
color produced or the time required to achieve a given 

10 level or type of color formation. Deviations from a 
predetermined range of normal values denote a defi- 
ciency or an excess of granulocytes and provide an 
approximate indication of the severity and hence the 
urgency of the clinical situation. 

15 The kit employed to carry out the foregoing 

steps includes: an instrument for taking a blood 
sample; an instrumentality for separating white blood 
cells from blood components that would obscure or 
introduce an error into a color change indicative of 

20 granulocyte count; an oxidation-sensitive indicator, 
typically a chromogenic donor dye; a peroxide; some- 
thing to disrupt the leukocytes and effect a release 
of their intracellular myeloperoxidase (MPO) ; and an 
instinimentality inhibiting the activity of trace 

25 contaminants from red blood cells. These components 
are so designed that the kit can be employed with only 
a minimum of instruction and in home and other nonmed- 
ical settings as well as those fields clinical and 
comparable scenes in which more highly trained person- 

30 nel may be available. At the same time, the compo- 
nents of the kit are selected for simplicity and cost 
effectiveness and so that reliable results can be 
^obtained easily and rapidly. 



The procedures and kits of the present 
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Another advantage of the procedure and kit 
disclosed herein is that the specimen can be very 
small — for example, a blood sample obtained by a 
simple finger prick. 
5 The potential savings to the health care 

system are enormous. 

The potential beneficiaries of the present 
invention include but are not limited to: 

patients with suppressed immune systems or with 
10 fevers and related symptoms; 

acute situations in emergency rooms or at home; 
and 

users of prescription drugs which are known to 
induce abnormal white blood cell levels (antibi- 
15 otics, ant i -inflammatories, antithyroids and 

antipsychotics) . 

The objects, features and advantages of the 
present invention will be apparent to the reader from 
the foregoing and the appended claims and as the 
20 ensuing detailed description and discussion of the 
invention proceeds in conjunction with the accompany- 
ing drawing. 

BRIEF DESCRIPTION OF THE DRAWING 

25 

FIG, 1 illustrates the relationship of FIGS. 
lA and IB which, taken together, show one diagnostic 
kit embodying the principles of the present invention; 
that figure also shows how the kit is used to detect 
30 granulocytes and to make an at least semiquantitative 
evaluation of the granulocyte level; 
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FIG. 2 is a fragmentary section through a 
microcapillary tube which is a component of the 
diagnostic kit illustrated in FIG. 1; 

FIG. 3 is a partially sectioned isometric 
5 view of an assay device which is a component of the 
diagnostic kit; 

FIG. 4 shows, in detail, a color standard 
incorporated in the assay device; 

FIG. 5 shows the relationship between FIGS. 
10 5A and 5B which, taken together, depict a second 
diagnostic kit embodying the principles of the present 
invention and shows how that kit is used to detect 
granulocytes and provide indications of granulocyte 
levels ; 

15 FIG. 6 is a section through a cuvette and a 

syringe-based assay unit employed in the kit of FIG. 
4; 

FIG. 7 is a section through a third assay 
unit embodying the principles of the present inven- 
20 tion; 

FIG. 8 is a bar chart summarizing the 
results obtained in one study in which granulocytes 
were detected with a process embodying the principles 
of the present invention; 

25 FIG. 9 is a bar chart summarizing the 

results of a second study in which granulocyte levels 
were determined by employing a variation of the 
procedure used in the first study; and 

FIG. 10 contains a pair of graphs showing 

30 the effect of a proton donor on the development of 
color in an assay medium used in accord with the 
principles of the present invention to detect granulo- 
cytes and provide indications of granulocyte levels. 
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DETAILED DESCRIPTION OF THE INVENTION 

As discussed briefly above, the novel method 
of evaluating granulocyte levels disclosed herein 
5 takes advantage of the fact that myeloperoxidase 
promotes oxidation-reduction reactions between perox- 
ides and oxygen sensitive dyes. The rate and extent 
of the color change in the dye reflects the concentra- 
tion of this enzyme. Intracellular myeloperoxidase is 
10 found in granulocytes in amounts which are generally 
constant from cell-to-cell, and the rate and intensity 
of color change can accordingly be employed to accu- 
rately reflect the level of granulocytes in a blood 
sample being assayed. However, because myeloperoxi- 
15 dase appears as an intercellular component of a 
granulocyte, those granulocytes present in the sample 
being assayed must be lysed or disrupted to release 
the enzyme before the sample is treated with the 
peroxide and the dye to make a meaningful determina- 
20 tion of granulocyte level. 

Also, because both plasma and red cells 
contain peroxidase enzymes and because hemoglobin in 
red cells also has peroxidase-like activity under 
certain conditions, it is necessary to separate the 
25 white cells as completely as possible from the other 
blood components before the lysing and subsequent 
assay of the white blood cells is effected. White 
cells are more resistant to hypotonic lysis than red 
cells. Double distilled water and commercially 
30 available bottled water can accordingly be used to 
disrupt the red blood cells and release potentially 
interfering blood components which are removed from 
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the white blood cells with the hypotonic lysing 
reagent by filtration. 



ride, saponin and acetic acid/ tartaric acid mixtures 
5 are also potentially usable to effect the release of 
potentially interfering blood components just de- 
iscribed. 



released blood components which might interfere with 

10 an accurate determination of granulocyte presence and 
concentration is extremely important • It must be 
sufficiently absorbent to permit blood to be trans- 
ferred directly onto it from a microcapillary tube 
(unless a prelysing step as described above is used) . 

15 But, if the filter is too absorbent, once the blood is 
transferred and the lysing agent is added, a reason- 
able degree of agitation will not disperse the cells 
into solution so that the red cells will lyse well and 
the white cells will be evenly distributed over the 

20 entire filter after filtration. Also, it is preferred 
that the filter not absorb free hemoglobin because of 
the difficulty of quantifying color development with 
a high background red color and because of the peroxi- 
dase-like activity of hemoglobin. The pore size must 

25 be sufficiently small to retain the white cells (10-12 
microns in size) but large enough to permit the 
hypotonic lysing solution and its burden of released 
blood components to flow through the filter at a 
reasonable rate. 

30 The application of positive or negative 

pressure or a combination of positive and negative 
pressure to the prelysed blood sample can be employed 



Other lytic agents such as ammonium chlo- 



The filter employed to separate the thus 
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to make the removal of the potentially interfering 
components more effective. 

Once the white blood cells have been sepa- 
rated by the just-described prelysing step, an aqueous 
5 peroxide- and dye-containing indicator reagent or 
assay medium is added to the material remaining on the 
filter to provide the wanted indication of whether 
granulocytes are present in the blood sample being 
analyzed and the granulocyte level. Also, this 

10 reagent includes a detergent for lysing any present 
granulocytes to release the intracellular enzyme 
myeloperoxidase employed to catalyze color developing 
reactions between the peroxide and the dye. 

Effective for this purpose are the polyeth- 

15 ylene ether detergents marketed under the trademark 
Triton and hexadecyltrimethylammonitim bromide. These 
detergents are typically employed in a concentrations 
of ca. 0.005%. 

The preferred peroxide is hydrogen peroxide. 
20 However, urea hydrogen peroxide or cumene hydroperox- 
ide may also be employed as can an in vitro hydrogen 
peroxide generating system composed of glucose oxidase 
and glucose constituents which are combined immediate- 
ly before the indicator reagent is used. 

Hydrogen peroxide concentrations of 0.0005 
to 0.00065 percent (30 percent stock solution) are 
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preferably employed, and the concentration is impor- 
tant. Color may not develop if lower concentrations 
are used. If the concentration is too high, the 
peroxide may be catalyzed by hemoglobin that happens 
5 to be present, producing a blue color that is not 
related to the presence of granulocytes. 

The assay medium will typically have a pale 
red-brown tinge after the blood sample is added. This 
may rule out, as a practical matter, the use of 

10 otherwise suitable oxidation sensitive, chromogenic 
donor dyes because those dyes go from colorless to red 
in the myeloperoxidase-promoted reactions discussed 
above; and this color change is obscured by the color 
which the blood sample imparts to the reagent • 

15 Consequently, the preferred dye is o-tolidine, which 
goes from colorless to blue under the same conditions ♦ 
0-tolidine is preferably employed in a 
concentration of 0.08 to 2.0 milligrams per milliliter 
of the reagent in which the dye is incorporated. 

20 Higher concentrations may result in the dye precipi- 
tating out and becoming ineffective or in the dye 
interfering with the myeloperoxidase-catalyzed reac- 
tions, concentrations below the stated level may 
result in an undetectable color change, especially if 

25 the granulocyte concentration in a sample is low, and 
in the developed color becoming unstable over time. 

Other candidates for the chromogenic donor 
dye are 3 , 3 ' , 5 , 5 ' -tetramethylbenzidine and 2,2' -azino- 
bis(3-ethylbenzthiazoline-6-sulfonic acid). 



30 
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Prelyslng of a blood sample In a hypotonic 
solution to disrupt red blood cells, present in the 
blood Scunple being analyzed and thereby liberate 
components of those cells which might interfere with 
5 the assay can result in potentially interfering blood 
components being left with the white blood cells after 
the subsequent filtration step. One of these compo- 
nents is catalase. Like myeloperoxidase, this enzyme 
possesses the ability to decompose hydrogen peroxide. 
10 Consequently, unless this enzyme is neutralized, it 
may also effect a change in the color of the oxygen 
sensitive dye, thereby causing the assay to reflect a 
higher level of granulocytes then is actually present. 

In the present invention, this neutraliza- 
15 tion can be effected by incorporating a catalase 
inhibitor in the aqueous based reagent. Preferred is 
3-amino-l,2,4-triazole, which inhibits catalase but 
not myeloperoxidase. The triazole is preferably 
employed in a 30-75 millimole concentration. That 
20 concentration is high enough to neutralize the enzyme 
without causing solubility problems. 

. The interference problem discussed in the 
preceding paragraphs can also be eliminated by employ- 
ing a filter with appropriate characteristics. For 
25 example, if the Whatman GF/C glass microfilter de- 
scribed hereinafter is employed, an inhibitor is 
required. In contrast, an inhibitor is not needed if 
a Micron Separations, Inc. Magna Nylon supported plain 
filter is used. 

Hypotonic lysing or washing with an aqueous 
medium such as distilled water can also be employed to 
disrupt red blood cells present in the sample being 
analyzed for granulocyte concentration and to remove 
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potentially interfering blood components such as 
hemoglobin from the sample. The application of 
positive or negative presstire or a combination of 
positive and negative pressure to the blood sample can 
5 be employed to make the removal of the potentially 
interfering components more effective. 

To fiarther promote test result accuracy, the 
reagent solution is preferably buffered against those 
pH changes that would otherwise occur as the dye 

10 containing reagent is added to the prelysed blood 
sample and as chemical reactions take place in the 
reagent. Citrate buffers with a pH in the range of 
4.0 to 5.0 and phosphate buffers with a pH in the 
range 6.0 to 7.0 and preferably in the range of 6.0 to 

15 6.5 can be employed with a pH in the range of 5.0 to 
7.0 being employed when o~tolidine is the chromogenic 
donor dye. Buffers with higher pH's are avoided as 
the dye will then turn a light brown rather than the 
wanted distinctive blue. 

20 Specific buffers that are satisfactory and 

have the requisite pHs are: (1) a mixture of sodium 
dibasic phosphate and potassium monobasic phosphate 
(phosphate buffer) , and (2) a mixture of sodium 
citrate and citric acid (citrate buffer) • 

25 Typically, a 50 mM concentration of the 

selected buffer will be employed; but this is not 
critical. What is important is that the concentration 
not be too low — in which case the pH will fluctuate 
instead of remaining stable — or too high. In the 

30 latter case the buffer may precipitate other constitu- 
ents of the reagent. At the appropriate pH, the 
development of color is completed within a few min- 
utes; and there is sufficient difference in the color 
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developed by blood samples with different granulocyte 
counts to allow one to estimate the granulocyte level 
in the sample with a reasonable degree of accuracy. 

Another circumstance in which a buffer of 
5 specific pH can be employed to advantage is that in 
which the sample contains an elevated granulocyte 
count. In this case, the development of color in the 
oxidation sensitive dye to a maximum intensity may 
occur so quickly that the development of color cannot 
10 be timed in a fashion accurately reflecting the actual 
granulocyte count. For example, if it is the intensi- 
ty reached after one minute that is being used as a 
reflection of granulocyte count, and maximum intensity 
is reached in 30 seconds, the test is less meaningful. 
15 .In these and comparable cases, a less acidic buffer 
such as a citrate buffer with a pH of 5.0 is employed 
to slow down the color change reaction so that the 
color change will only be of an intensity reflecting 
the actual granulocyte count over the selected time 
20 measurement period. This allows the observer to 
clearly discriminate between samples with different 
granulocyte levels. 

Optimal results can also often be obtained 
by altering that point in time at which a myeloperoxi- 
25 dase-promoted reaction of the peroxide in the assay 
medium will effect a change in the color of the 
oxidation sensitive dye. This can be controlled by 
adding a proton donor to the assay medium. One 
suitable donor of this character is ascorbic acid in 
30 a concentration of not more than one millimole. This 
is low enough to keep the acid from unduly delaying or 
even preventing a color change while keeping the color 
change from occurring too rapidly and. impairing the 
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resolution of the change (see FIG. 10 which shows that 
the ascorbic acid proton donor has the effect of 
making the difference in color development attribut- 
able to high and low granulocyte levels much greater 
5 at the representative time t after the indicator 
reagent is added to the residue from the filtration 
step) . 

Referring now to the drawing, FIG. 1 depicts 
a diagnostic kit which embodies the principles of the 
10 present invention and is designed to detect granulo- 
cytes and to provide an at least semiquantitative 
indication of granulocyte level. The major components 
of the diagnostic kit are a lance 22, a microcapillary 
tube 24, a cuvette 26 and a disposable assay device 28 
15 with components typically molded from an appropriate 
thermoplastic polymer. 

Lance 22 is employed to draw blood, typical- 
ly from the subject's finger 30 as shown in FIG. lA. 

A quantitized sample 32 of the blood is 
20 taken up with the calibrated microcapillary tube 24. 
Microcapillary tube 24 has a silicon coating 34 which 
keeps the blood from coagulating. An alternative is 
to use a microcapillary tube or pipette to which an 
anticoagulant has been added. Anticoagulants that can 
25 be used include K3EDTA and sodium heparin. No obvious 
differences in the effectiveness of these anticoagu- 
lants have been found except that, on occasion, some 
samples that were obtained with heparin as the antico- 
agulant (especially when the heparin concentration was 
30 somewhat high) tended to show a non-uniform color 
development in the test. This is consistent with the 
known clumping effect of heparin on white blood cells. 
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The microcapillary tube 24 with blood sample 
32 is dropped into cuvette 26 which is a standard, 
commercially available item. A prelysing reagent 35 
which is distilled or bottled water as described 
5 above is added, and the cuvette is closed with lid 36. 

The next step in the procedure, also shown 
in FIG. lA, is to vigorously shake the sealed cuvette 
26. This generates mechanical forces which prranote 
the disruption of the red blood cells in the sample, 
10 facilitating the separation of potentially interfering 
blood components from any granulocytes present in the 
sample. 

At the end of the prelysing step, lid 36 is 
removed; and cuvette 26 is assembled to assay device 
15 28. 

As is shown in both FIG. lA and FIG. IB, and 
in more detail in FIG. 3, this device includes a base 
38 with a hollow, cylindrical boss 40 and a slide 42 
which extends through a slot 43 in base end wall 44. 
20 The slide is trapped between side walls 45 and 46 of 
base 38 and can be displaced from the illustrated 
"open position" in the direction indicated by arrow 47 
in FIGS. IB and 3 to a "closed" position also shown in 
FIG. IB. 

Assay device. 28 also includes a porous 
membrane 48 spanning the lower end 50 of the cavity 52 
in boss 40 and a frustoconical color standard 54 in 
cavity 52 immediately above the porous membrane. 

Membrane 48 is' fabricated from a microporous 
JO material which has the ability to retain structural 
integrity when it is wetted. Suitable is Whatman™ 
GB/C glass microfiber material. 
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Also part of assay device 28, and housed In 
a recess 56 in base 38, are a block 58 of absorbent 
material and, beneath that block, a thin layer 60 of 
a friable or crushable polymer - 
5 As is shown in FIG. IB, the assembly of 

cuvette 26 and assay device 28 is turned upside down 
to directly transfer its contents from cuvette 26 to 
assay device 28. With the slide 42 of the assay 
device in the open or out position shown in FIGS. IB 

10 and 3, the lysed granulocytes are trapped on membrane 
48 while the liquid phase of the cuvette contents 
passes through this membrane and is absorbed by the 
block 58 of absorbent material, which thus isolates 
the unlysed white blood cells from the filtrate 

15 composed of the prelysing reagent and potentially 
interfering blood constituents released to the reagent 
in the prelysing step. 

Next, cuvette 26 is detached from assay 
device 28; the assay device is inverted; and slide 42 

20 is closed — i.e., displaced into base 38 in the 
direction indicated by arrow 47. Slide 42 moves 
rectilinearly into the base beneath membrane 48 until 
its inner end 62 reaches end wall 64 of the base. It 
is guided through this path by the bottom edge 66 of 

25 slot 43 and the upper edges 68 and 70 of the internal 
walls 72 and 74 defining the ends of the recess 56 in 
which assay device components 58 and 60 are housed. 

It is important, in closing slide 42, that 
it not rupture the membrane 48 on which the lysed 

30 granulocytes are trapped. Tearing is prevented by the 
depression 76 in the upper side 78 of the slide and by 
the friable material 60 in the bottom of absorber 
recess 56. As the block 58 of absorbent material 



wo 93/01306 




PCr/CA92/00291 



25 

absorbs fluid passing through membrane 48 and ex- 
pands, layer 58 collapses, keeping the swollen absor- 
bent material from pressing against and tearing the 
membrane. 

5 Referring again to PIG. IB, the closing of 

slide 42 in the manner just described isolates mem- 
brane 48 and the lysed granulocytes trapped on that 
membrane from absorbent material 58. This keeps 
potentially interfering blood components from migrat- 
10 ing back through the membrane to the trapped granulo- 
cytes . 

Next, as is also shown in FIG. IB, a select- 
ed quantity of the chemical reagent or assay medium 80 
is pour-ed onto membrane 48 to ^ffect the release of 
15 intracellular myeloperoxidase from the granulocytes 
and thereby catalyze the color development reactions 
between the peroxide and the chromogenic donor dye in 
the assay medium. After a period of selected duration 
measured by timer 82, the then altered color of the 
chemical reagent is matched with one of the segments 
84-1... 84-7 of first zero and then increasing inten- 
sity on color standard 54. Each of these segments 
corresponds to a different granulocyte count beginning 
with zero (segment 84-1) . Consequently, the matching 
step just described provides an at least semiquantita- 
tive indication of the granulocyte count in the sample 
of blood being analyzed. 

Alternatively, the granulocyte count can be 
made by matching the color developed in the indicator 
30 solution with a particular segment 84 of color stan- 
dard 54 and noting the time required for the color to 
develop. 



20 
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Referring still to the drawing, FIGS. 5A, 
5B, and 6 depict the steps in a procedure for making 
a semiquantitative granulocyte count which differs 
from the procedure just described in that a diagnostic 
5 kit with a different unit for separating the granulo- 
cytes in a blood sample after a prelysing step and for 
making a subsequent count of the granulocytes is 
employed. This assay unit is identified by reference 
character 90. 

10 As is shown in both FIG. 5A and FIG. 5B and 

in more detail in FIG. 6, assay unit 90 includes a 
syringe 92 with an adapter 94 and a disposable diag- 
nostic device 96. The latter is a one-piece monolith- 
ic member typically molded from an appropriate thermo- 

15 formable polymer. A stepped central bore 98 extends 
through and opens onto the opposite ends 100 and 102 
of this member. 

The segment 104 of central bore 98 opening 
onto end 102 of the diagnostic device is dimensioned 

20 to complement and accept cuvette 26. Color standard 
54 is housed in an adjacent, communicating segment 106 
of bore 98; and, immediately below the color standard 
with the diagnostic device oriented as shown in FIG. 
6 and in bore segment 107, is a bore spanning, porous 

25 membrane or filter 108. The next, communicating 
segment 110 of the bore houses absorbent block or 
absorber -58; and the adjacent and final segment 111 of 
the bore is dimensioned and configured . to accept 
syringe adapter 94. That component is installed on 

30 the nipple 112 at the upper end of syringe 92 and in 
diagnostic device bore segment 111 in fluidtight 
relationship to the diagnostic device and syringe. It 
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provides fluid communication between the interior 114 
of the syringe and diagnostic device stepped bore 98. 

The initial steps in that procedure for 
making a granulocyte count which employs the just- 
5 described system 90 duplicate the steps in the proto- 
col depicted in FIGS, lA and IB. That is: (1) the 
patient's finger 30 is pricked with lance 22; (2) a 
quantified sample of the blood thus released is picked 
up with calibrated microcapillary tube 24; (3) the 
10 tube is transferred to cuvette 26; (4) the prelysing 
reagent 35 is added to the cuvette; (5) the lid 36 is 
installed; 6) the cuvette is shaken to promote disrup- 
tion of the red blood cells in the sample; and (7) lid 
36 is removed. Then, cuvette 26 is installed in the 
15 through bore segment io4 of diagnostic device 96 in 
fluidtight relationship to the diagnostic device; and 
the assembly of syringe 92, diagnostic device 96 and 
cuvette 26 is inverted (see riGS. 5A, 5B and 6). 

The next step in the procedure shown in 
20 FIGS. SA and SB is to withdraw the plunger 116 of 
syringe 92 as shown in FIGS. 5A and 5B and indicated 
by arrow 118 in FIG. 6. This provides a pressure 
differential generated force for transferring fluid 
— the prelysing reagent and any blood components 
25 picked up by the reagent — from cuvette 26 to diag- 
nostic device 96 and an extremely efficient separation 
of this fluid from the granulocytes trapped on mem- 
brane 108. Also, the force generated by the pressure 
differential "fixes" the unlysed granulocytes to 
30 membrane loa in a generally uniform distribution 
pattern. This is important in that the uniform 
distribution of the cells on membrane 108 results in 
a uniform as opposed to splotchy color being developed 
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When the assay medium is subsequently added to device 
26. 

Thereafter, diagnostic device 96 is removed 
from the syringe/ adapter assembly 92/94, the assay 
5 medium 80 is poured onto the granulocytes trapped on 
water repellent membrane 108 to release intracellular 
myeloperoxidase, and color is allowed to develop in 
this reagent for the period determined by timer 82. 
At the end of this period, the color of the reagent is 

10 compared to the color standard 54 in diagnostic device 
96 to provide the wanted granulocyte count. 

In this embodiment of the invention, the 
membrane 108 is fabricated from a porous water repel- 
lent material. The membrane thus effectively isolates 

15 the cells on the membrane' from the absorbent material 
because fluids transferred to absorber 58 cannot flow 
back through the membrane; and a slide is therefore 
not necessary. Syringe 92 creates a pressure differ-- 
ential which overcomes the propensity of the hydropho- 

20 bic membrane 108 to keep liquid from passing through 
it to absorber 58 at the end of the prelysing and 
filtration steps. 

Referring still to the drawing, FIG. 7 
depicts a syringe-based diagnostic unit 130 which 

25 includes the features of a slide-based diagnostic 
device such as that identified by reference character 
26 in FIG. 1 and those of a syringe-based system as 
identified by reference character 90 in FIG. 6. 
System 13 0 thus includes a syringe 92, a diagnostic 

30 device 134 similar to the device 28 shown in FIG. 3 
and an adapter 92 which provides fluid communication 
between the syringe and the diagnostic device. 
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For the most part, diagnostic devices 28 and 
134 are identical; the same reference characters have 
been employed to identify those components and ele- 
ments of the two devices which are alike. 
5 As is apparent from FIG. 7, essentially the 

only difference between the two diagnostic devices 28 
and 134 is that an aperture 138 is formed in the 
bottom wall 140 of the base 142 of diagnostic device 
134; and a syringe adapter-accepting, cylindrical 
10 collar 144 is assembled to or integrally provided on 
bottom wall 144 in concentric relationship to the 
aperture . 

The procedure employing system 130 to make 
a granulocyte count duplicates that depicted in FIGS. 

15 lA and IB and discussed above to the point where the 
contents of the cuvette 26 are transferred to the 
diagnostic device. In the procedure employing unit 
130, the syringe is assembled to diagnostic device 134 
with adapter 94 in collar 144 to provide fluid commu- 

20 nication between the cavity 52 in the hollow boss 40 
above membrane 48 and the interior 114 of syringe 92. 
Then, the plunger 114 of syringe 92 is displaced in 
the direction indicated by arrow 146 in FIG. 7. This 
creates a pressure differential across membrane 48: 

25 (1) providing a highly effective removal from the 
upper side of the membrane of the liquid phase of the 
cuvette contents and any substances in that phase 
which might interfere with an accurate granulocyte 
count; and (2) fixing left behind granulocytes to the 

30 membrane. 

Thereafter, slide 42 is closed to isolate 
membrane 54 from the absorbent material 48 in which 
the extracted and absorbed liquid phase of the cuvette 
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contents is trapped; and the assay medium reagent is 
added. Then^ as in the procedures discussed above, 
the indicator solution is allowed to react with 
intracellular myeloperoxidase released by the conse- 
5 quent lysing of granulocytes in the blood sample for 
a selected period of time, and a granulocyte count is 
made by then comparing the color of the indicator 
solution with color standard 54* 

Those examples which follow describe in 
10 detail particular tests in which the diagnostic 
procedure of the present invention was employed to 
determine whether granulocytes were present in a blood 
sample and to make granulocyte counts. 

EXAMPLE I 

15 A sample of human blood was drawn into a 

calibrated, siliconized microcapillary tube of known 
volume, thus providing a standard amount of blood to 
be analyzed. 

The blood was quantitatively spotted onto a 
20 glass microfiber filter with a 1.2 micrometer cut-off. 
A Whatman^ GF/C filter was used. This filter material 
has the following characteristics: 

Material — binder-free glass microfibers 
Particle Retention — 1.2 /xm 
25 Flow Rate — 10.5 sec/ 100 ml 

Weight —53 g/m^ 
Water Absorption — 250 ml/m^. 

The filter was loaded into a syringe 
equipped with a supportive mesh for the filter. The 
30 syringe had a 0.5 ml capacity. 

The syringe was filled to the 5 ml mark with 
water. As discussed above, water disrupts red cells 
while leaving granulocytes intact. 
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The plunger of the syringe was depressed to 
exert pressure on the sample and promote dissolution 
of the erythrocytes in the sample by a "pressure wash" 
and to expel the solubilized contents of the erythro- 
5 cytes. 

The glass microfiber filter with its burden 
of unlysed granulocytes was transferred to a clean, 
dry surface; and five drops (or approximately 250 
microliters) of a test reagent solution or assay 

10 medium was added. The test reagent solution was 
prepared by combining 0.5 ml of a O.i molar, citrate 
buffer of pH 5; 50 of granulocyte lysing and 
myeloperoxidase releasing o.l% Triton X-100™ deter- 
gent; 300 Hi of 100 millimolar, aqueous, 3-amino-l, 2, 4 

15 triazole; 50 /il of 0.01% hydrogen peroxide; 50 nl of 
10 mg per ml aqueous o-tolidine; and 50 nl of HjO. 
This yielded l.o ml of a test reagent solution with 
the following final concentrations: phosphate buffer, 
50 mM; Triton x-ioo", 0.005%; 3-amino-l, 2,4 triazole, 

20 30 mM; hydrogen peroxide, 0.0005%; and o-tolidine, 0.5 
mg per ml. 

After 30 seconds, that area of the micro- 
fiber filter spotted with the blood sample turned 
blue. This was an indication that granulocytes were 
25 present in the blood sample. 

The intensity of the color was related to 
granulocyte count with a color standard as shown in 
FIG. 4 to obtain an at least semiquantitative granulo- 
cyte count. 

30 EXAMPLE II 

The procedure described in EXAMPLE I was 
repeated, using a reagent solution or assay medium 
which differed from that described in EXAMPLE I in the 
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following respects: (1) the solution was buffered 
with a phosphate buffer; and (2) the final concentra- 
tion of the o~tolidine in the test reagent solution 
was 0.2 ng per ml. 
5 The color development was assessed 5 minutes 

after the addition of the assay medium to the spotted 
blood sample. 

The development of color over a longer 
period of time provides greater resolution and there- 
10 fore a more accurate granulocyte account in those 
circumstances where the blood sample has a high 
granulocyte count. That is, in this circumstance, the 
appearance of the indicator solution after being 
developed over a short period of time by two samples 
15 with high but significantly different granulocyte 
counts may be indistinguishable because the color 
develops so rapidly in both cases. By spreading the 
color development over a longer period of time so that 
the color will develop slower, the color in the sample 
20 with the lower granulocyte count will not have devel- 
oped to the same intensity level as the color in the 
sample with the higher granulocyte count at the end of 
the color development step; and the two samples can 
therefore be distinguished between. 
25 EXAMPLE III 

The procedure described in EXAMPLE I was 
employed with the following changes: the volume of 
the blood sample was 25 m1 rather than 10 fil; and the 
blood was transferred to a Pre-Sep glass pref ilter G- 
30 15~ (Micron Separation, Inc.). The blood laden filter 
was then transferred to a vial, and 2 ml of the test 
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reagent solution was added. The resulting color 
development was measured after 5 minutes. 

' EXAMPLE IV 
The procedure of EXAMPLE I was repeated, 
5 using five drops of a test reagent solution prepared 
by combining 875 microliters of 0.1 molar, pH 5 
citrate buffer; 100 microliters of 0.1% Triton X-100™ 
detergent; 125 microliters of 1 millimolar ascorbic 
acid (prepared in a citrate buffer) ; 100 microliters 
10 of 0.01% H2O2; 600 microliters of 100 millimolar 
3-amino-l,2,4-tria2ole; and 200 microliters of 10 mg 
per ml aqueous o-tolidine. This yielded 2.0 ml of a 
test reagent solution with the following final concen- 
trations: citrate buffer, 50 mM; Triton X-IOO™, 
15 0.005%; ascorbic acid, 62'. 5 mM; HjOj, 0.0005%; 

3-amino-l,2,4 triazole, 30 mM; o-tolidine, l mg per 
ml. The color development was measured after 30 
seconds, 1 minute and 2 minutes. 

EXAMPLE V 

20 The procedure elucidated in EXAMPLE I was 

repeated with the following changes: (1) the buffer 
was 970 Ml of 0.1 molar, pH 5 citrate; and (2) the 
volume of 1 millimolar ascorbic acid was decreased to 
30 microliters (the final concentration of ascorbic 

25 acid was 15 millimolar) . 

The blue color which developed in that area 
of the filter on which the blood sample had been 
spotted was assessed after one minute. The intensity 
was less than that of the reference standard. This 

30 meant that -the white cell count of the sample was less 
than 2500 granulocytes per liter of blood. 
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EXAMPLE VI 

The procedure described in EXAMPLE I was 
repeated with the following changes: (1) 1 ml of 0.1 
molar, pH 6.5 phosphate buffer was used in the test 
5 reagent solution; (2) the volume of the one millimolar 
ascorbic acid was decreased to 25 microliters (for a 
final concentration of 12.5 millimolar); (3) the 
volume of the o-tolidine was decreased to 100 micro- 
liters (for a final concentration of 0.5 mg per ml); 

10 and (4) 75 microliters of H^O was added to bring the 
final volume of the assay medium to 2.0 ml. 

The resulting color, assessed at 1 minute, 
was less intense than the blue reference. That 
signified a count of less than 2500 granulocytes per 

15 microliter in the blood sample. 

The efficacy of the present invention has 
also been clinically demonstrated. Two different 
tests were employed, one to detect low granulocyte 
levels (less than 2.5 [all granulocyte counts given as 

20 thousands cells/mm^]) and the other to estimate the 
level of granulocytes (given as a range only [i.e. 
less than 2, 2-5, 5-10, greater than 10] since the 
test is not strictly quantitative) . 

Blood samples were received from various 

25 institutions and assayed. The results of the assay 
were compared to actual neutrophil counts as deter- 
mined by a Coulter counter. The blood samples were 
obtained by venipuncture, using Vacutainer brand tubes 
with K3EDTA as an anticoagulant. The samples were 

30 stored at approximately 5**C until assayed (usually on 
the day after the sample was drawn) . 
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EXAMPLE VII 

DETECTION OF GRANtTLOCYTE LEVELS LESS THAN 2.5 

The blood sample was mixed well. Then a 10 
5 microliter aliquot of blood was spotted (using a 
digital microliter pipette) onto a Whatman GF/C glass 
microfiber filter (pore size 1.2 micron) that had been 
dipped in double distilled water, blotted slightly and 
placed on the sintered glass disk of a Millipore 
10 filtration apparatus. A glass tube was then clcunped 
on top of the sintered glass disk so that the filter 
was held in place and no fluid could escape around the 
edges of the filter. Approximately 2 ml of double 
distilled water was added to the glass tube. The 
15 entire apparatus was then ' shaken for about 10 seconds 
to suspend the blood sample and lyse the red cells. 
Then vacuum was applied under the sintered glass disk 
to remove the fluid. This lysing step was repeated 
once; then the filter was transferred to a glass 
20 microscope slide (all handling of the filter was done 
with forceps) . Five to seven drops of an indicator 
reagent solution or assay medium were added to the 
filter; and, one minute after this addition, color 
development was scored using a color standard like 
25 that shown in FIG. 4 but with six different intensi- 
ties of blue (numbered l through 6 from palest blue to 
most intense blue) . 

If the color development was four or more at 
one minute, the sample was considered to have a 
30 granulocyte level greater than 2.5; if the color 
development was three or less at one minute, the 
sample had a granulocyte level of less than 2.5; if 
the color development appeared to be between three and 
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four, the test was considered inconclusive (most of 
these samples had granulocyte counts close to 2.5 and 
were therefore borderline) • 

The test solution contained the following: 
5 citrate buffer (50 mM, pH 5.0), ascorbic acid (15 mM) , 
Triton X-100 (0.005%), hydrogen peroxide (0.0005% in 
one test and 0.000625% in a later test, both based on 
the assumption that the stock solution was 30%) , 
aminotriazole (30mM) and o-tolidine (1 mg/ml) . 
10 Twenty-five samples had actual neutrophil 

counts of 2.5 or less as measured with the Coulter 
counter. Using the procedure of the present inven- 
tion, 8 of these were identified as having granulocyte 
levels less than 2.5; 16 were considered borderline; 
15 and one (actual neutrophil count 2.4) was considered 
greater than 2.5 (this sample was later repeated and 
found to be borderline) . 

One sample testing less than 2.5 was actual- 
ly slightly higher (2.8). of the remaining 172 
20 samples, 44 tested as borderline; 23 had neutrophil 
counts of 2.6 to 3.0; 11 were between 3.1 and 3.5; 2 
were between 3.6 and 4.0; 5 were between 4.0 and 5.0; 
and 3 were greater than 5.0 (repeat assays of these 
placed them in the greater than 2.5 category). The 
25 remaining 128 samples tested as having neutrophil 
levels greater than 2.5. Six had neutrophil counts 
between 2.5 and 3.0, . and 122 had neutrophil counts 
greater than 3.0 (see Table 1 and FIG. 8). 
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TABLE 1. Detection of Neutrophil 
Levels Less than 2.5 
Color 

Score Interpretation 
4+ > 



3+ 
4 

3+ 
3+ 
4+ 
4- 

5 
5 

4+ 
4 

3+ 
4+ 
5 

4- 

5 

3+ 
4+ 
4 

4+ 
4+ 
4 



BL 
> 

BL 

BL 
> 

BL 
> 
> 
> 
> 

BL 
> 
> 

BL 

> 
BL 
> 
> 
> 
> 



INsutrophil 
Count 

3.5 

2.0 

3.9 

3.0 

3.0 

4.3 

2.7 

6.7 

4.9 

5.6 

5.9 

2.5 

5.4 

7.9 

2.9 

3.8 

3.2 

4.7 

5.5 

4.1 

7.7 

4-1 



• 




wo 93/01306 ^ PCr/CA92/00291 



38 





Sample 
25 


Color 
Score 
o 


l;^terpretatipi> 


Neutrop 
Count 




27 


A -A- 

4+ 


> 


57 • 4 


5 


28 


5 


> 


O £ 




29 


4+ 


> 


O • 7 




30 


D 




ft ^ 






J** 




1 7 




j2 


A 




7 ^ 


Xu 




•* 




7 1 






•J 
J 




^ • J 




J4 


A 
H 










*> 








Jb 


A 

H 


> 


^ 7 


±o 




A 

4 


> 








A 

4 


> 


J • o 




39 


4~ 


BL 


^ A 




>l A 


e 
D 


> 


b • X 




A1 
4x 




oLi 


o a. 


^ n 
2U 


AO 


4" 


x5Jb 


J • b 










O A 






A« 

*t 


RT 
OIj 


0 Q 




*w 


A 
*t 




J • Z 






A 




1 A 


25 


47 


4 




■J • X 










0 n 
^ • o 




49 


4 


> 


4.0 




50 


4 


> 


3.9 




51 


4+ 


> 


6.0 


30 


52 


4 


> 


5.2 




53 


3+ 


BL 


3.0 




54 


4- 


BL 


5.5 




54R 


4 


> 


5.5 




55 


4 


> 


3.4 
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Sample 

No. 
56 
57 

5 58 
59 

60 ' 

61 

62 

10 63 
64 
65 
66 
67 

15 68 
69 
70 
71 
72 

20 73 
74 
75 
76 
77 

25 78 
79 
80 

81 
82 

30 83 
84 
85 
86 
87 
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Color Neutrophil 



Score 


I nteroretat ion 


Count 


1 


> 


5.7 


4 


> 


3.1 


3+ 


BL 


2.9 


4 


> 


3.7 


4+ 


> 


7.8 


4 


> 


3.7 


4- 


BL 


2.5 


4 


> 


3.3 


3+ 


BL 


2.7 


3+ 


> 


8.3 


5 


> 


8.1 


4 


> 


3.8 


4 


> 


4.8 


4 


> 


3.7 


3+ 


BL 


3.1 


4+ 


> 


6.7 


4 


> 


3.7 


4 


> 


5.2 


4 


> 


4.0 


4- 


BL 


3.0 


3+ 


BL 


4.3 


3- 


< 


1.8 


5 


> 


7.3 


5+ 


> 


10.3 


3 


< 


1.7 


5+ 


> 


10.7 


5 


> 


11.3 


4- 


BL 


2.2 


4 


> 


4.0 


3+ 


BL 


1.9 


5 


> 


7.7 


4,4 + 


> 


6.5 



• 
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40 



10 



15 



20 



25 



30 



Sample 


color 




Neutrof 


No. 


Score 


Intieroretation 


Count 


88 


4+ 


> 




89 


3+ 


BL 




90 


4 


> 




91 


4 


> 


^ Q 


92 


4- 


BL 




93 


5+ 


> 


D n 


93R 


5+ 


> 


o • u 


94 


3+ 


BL 


2 • ^ 


95 


4- 


BL 


O • O 


95R 


4 


> 


R R 


96 


3+ 


BL 


•5 n 
2 • U 


97 


4+ 


> 


8 • 6 


98 


5 


> 


10*5 


99 


4- 


BL 


1.9 


100 


4+ 


> 


3 • 8 


lOOR 


4+ 


> 


3.8 


101 


3+ 


BL 


2*3 


102 


4 


> 


4*5 


103 


4 


> 


4 • 2 


104 


5 


> 


CC Q 

!> • o 


105 


3+ 


BL 


• 2 


106 


4 


> 


3 • O 


107 


4+ 


> 


4 • 1 


108 


5 


> 


5*5 


109 


4 


> 


3.4 


110 


3+ 


BL 


3.0 


111 


4,3+ 


BL 


3.0 


112 


4+ 


> 


6.3 


113 


4 


> 


3.1 


114 


4 


> 


3.0 


115 


4 


> 


3.6 


116 


4 


> 


4.5 



wo 93/01306 




PCT/CA92/00291 



41 

Sample Color Neutrojrfiil 

No^ Score Interpretation Count 

116R ,4 > 4.5 

117 5 > 5.3 

5 118 4- BL 2.8 

119 4,3+ BL 3.4 

120 4,4- BL 2.8 

121 5 > 4.9 

122 5 > 4.0 
10 122R 4+ > 4.0 

123 4 > 2.8 

124 5 > 5.7 

125 . 4 > 4.3 

126 4 > 4.0 
15 127 4 . > 3.4 

128 4+ > 5.1 

> 7.3 



129 5+ 

130 4+ 

131 5 
20 131R 4-1- 

132 5 

133 4 



> 4.1 

> 6.2 

> 6.2 

> 3.8 



134 5 

134R 5 

25 135 3+ BL 

136 4 

137 4 

138 3+ BL 

139 4 
30 140 4 

141 4- BL 

142 3+ BL 

143 3+ BL 

144 4 



> 4.4 

> 7.0 



> 7.0 

3.1 

> 4.2 

> 4.6 

3.6 

> 4.3 

> 4.4 

4.1 



2.2 
2.0 

> 2.6 
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Sample 


Color 




Neutrop 




No. 


Score 


I ntercre t at ion 


count. 




145 


4 


BL 


2 • / 




146 


4,4 


BL 




5 


147 


4- 


BL 


2.0 




148 


4 


> 


2*9 




149 


6,5+ 


> 


O • J 




150 


4+, 5 


> 


5.3 




151 


4- 


BL 


2.4 


10 


152 


4 


> 


2« 6 




153 


6 


> 


9.6 




154 


3 + 


BL 


4.4 




155 


4+ 


> 


5.0 




156 


5 


> 


5.3 


15 


157 


4 


> 


3 • 3 




158 


4+, 5 


> 


7 . 8 




159 


3+ 


BL 


3 . 1 




160 


5 


> 


5.6 




161 


3+ 


BL 


2.9 


20 


162 


4 + 


> 


5.0 




163 


6 


> 


10. 7 




164 


6 


> 


6 • 8 




164R 


6 


> 


6.8 




165 


4 


> 


3.2 


25 


166 


3+ 


BL 


2.2 




167 


4-, 3+ 


BL 


3.2 




168 


5-,4+ 


> 


7.4 




169 


4 


> 


4.4 




170 




> 


5.7 


30 


171 


4- 


BL 


3.0 




172 


3+,4- 


BL 


2.7 
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Sample Color 

No. Score ■ Interpretation 

173 4 , > 

173R 3+ BL 

5 174 4 > 

175 5 > 

176 3 < 

177 4+ > 

178 6 > 
10 179 3,3- < 

180 3+ BL 

181 4 > 

182 5 > 

183 4 > 
15 184 3+ BL 

185 4 > 

186 3 < 

187 4 > 

188 4 > 
20 189 3+ BL 

190 3+ BL 
190R 4 > 

191 4 > 
191R 3 < 

25 192 3+ BL 

193 4 > 
193R 4 > 

194 4 > 

195 4 > 
30 195R 4 > 

196 3+ BL 

197 3+ BL 

198 3+ BL 

199 5 > 
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Neutrophil 
Count 

2.4 

2.4 

4.2 

5.6 

2,1 

8.7 

7.0 

2.1 

3.3 

3.9 

6.6 

4.4 

3.3 

7.0 

2.8 

5.1 

5.4 

3.4 

6.9 

6.9 

6.3 

6.3 

4.2 

6.0 

6.0 

5.3 

6.5 

6.5 

4.3 

3.0 

3.4 

8.9 
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Sample Color Neutrophil 

No. Score Interpretation Count 

199R > 8,9 

200 3+ BL 2.6 

5 > s= greater than 2.5 thousand cells/im^ 

< = less than 2.5 thousand cells/mm^ 

BL = borderline 

R - repeated sample 

* — as determined with the Coulter coiinter 
10 EXAMPLE VIII 

ESTIMATION OF GRANULOCYTE LEVELS 
Blood samples obtained as described above 
were treated with a test solution containing 50 mM OF 
pH 5.0 citrate buffer, 62.5 ascorbic acid, 0.005% 
15 Triton X-lOO™, 30 mM aminotriazole, 1 mg/ml o-tolidine 
and 0.0005% hydrogen peroxide (assuming that the stock 
solution of hydrogen peroxide was 30%) . Color devel- 
opment was scored at 30 seconds, 1 minute and 2 
minutes after the test solution had been added. Each 
20 sample was assigned to one of four ranges of neutro- 
phil counts (>2, 2-5, 5-10 and >10) based on the 
following : 

i. color >3 at 3 0 seconds = neutrophil 

count >10 

25 ii. color <3 at 30 seconds, >3 at 1 minute 

= neutrophil count of 2-5 
iii. color <3 at 30 seconds and 1 minute, >3 

at 2 minutes = neutrophil count of 2-5 
iv. color <3 at 2 minutes = neutrophil 
30 count <2. 

Ranges iii and iv were refined by consider- 
ing the intensity of color development at the time 
immediately preceding that at which the color score 
was 3 or more. Thus, if the sample was assigned to 
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the 5-10 range and had a color score of 2+ or 3- at 30 
seconds, it would probably be near the high end of the 
range. A color score of 1+ at 30 seconds would 
suggest that the neutrophil count fell in the low end 
5 of the range. Similarly, in the 2-5 range, a color 
score of 2+ or 3- at l minute would indicate the 
sample was probably at the high end of the range; and 
a color score of 1+ would suggest the neutrophil count 
was near the low end of the range. 
^0 Using this method of estimating neutrophil 

counts, 7 seuaples were designated as less than 2. 
Three of these were between 1.5 and 2.0, 3 were 
between 2.1 and 2.5, and one was between 2.6 and 3.0. 
No samples with neutrophil counts greater than 3 were 
15 assigned to this range." One hundred forty-three 
samples were designated as having neutrophil counts of 
between 2 and 5. Five of these had actual neutrophil 
counts of 1.5-2.0, 43 were between 2.1 and 3.0, 42 
were between 3.1 and 4.0, 25 were between 4.1 and 5.0, 
20 16 were between 5.1 and 6.0 and 12 were over 6.0. 
Forty-five samples were estimated as having neutrophil 
counts of between 5 and 10. Actual neutrophil counts 
of these were: less than 4 (2 samples), between 4.0 
and 6.0 (15 samples), between 6.1 and 8.0 (15 sam- 
25 pies), between 8.1 and 10.0 (8 samples), between 10.1 
and 11.0 (4 samples), and greater than 11. o (i sam- 
ple). The neutrophil counts of the remaining 3 
samples were estimated as greater than 10. Two of 
these had actual counts of less than 10 (8.0 and 6.8), 
and one was greater than 10 (12.7) (see Table 2 and 
FIG. 9) . 



30 
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TABLE 2. Estimate of 

. Sample 

Number Color Source 







30 sec 


1 min 




1 


1+ 


2- 




2 


1+ 


1+ 




3 


1+ 


2 




4 


1+ 


2- 




5 


1+ 


1+ 




6 


1+ 


3- 




7 


1+ 


2- 




A 


1+ 


3 




Q 


1+ 


2+r3- 






1+ 


3 


1 R 




1+ 


2+ 






1+ 


1+ 




Xw 


1+ 


2+r3- 




x*t 


1+ 


3- 






1+ 


2 


^ w 


16 
xo 


1+ 


3 




17 

X r 


1+ 


2+ 




la 

XO 


1+ 


3 




19 


1+ 


2+.3- 




20 


1+ 


2+,3- 


25 


22 


2- 


4- 




23 


1+ 


2+ 




24 


1+ 


1+ 






3- 


4 




27 


1+ 


2+,3- 


30 


28 


2- 


3+ 




29 


2 


3« 




30 


1+ 


3- 




31 


1+ 


1+ 




32 


1+ 


2 


35 


32R 


1+ 


3- 




33 


1+ 


1+ 




34 


1+ 


2 




35 


1+ 


1* 




36 


1+ 


2- 


40 


37 


1+ 


2 



Neutrophil Levels 

Estimated Neutrophil 
Range Count — 



2 min 






4 


2-5 


23 


3+ 


2-5L 


ZD 


4 


2-5 


3.9 


3+ 


2-5 


3D 


3+ 


2-5L 


2X) 


4 


5-lOL 


43 


4- 


2-5 


2.7 


4 


5-lOL 


6.7 


4 


2-5H 


A3 


4 


5-lOL 


S6 


4 


2-5H 


S9 


3+ 


2-5L 


23 


4- 


2-5H 


SA 


4+ 


S-IOL 


IS 


3+ 


2-5 


23 


4+ 


5-lOL 


23 


3+ 


2-5H 


22 


4+ 


5-101 


4.7 


4 


2.5H 


53 


4 


2.5H 


4a 


4- 


5,10 


7.7 


4- 


2-5H 


4J. 


3+ 


2-5L 


25 


6 


>10 


22.7 


4- 


5-lOL 


9.4 


4 


5-10 


a6 


4 


5-10 


6.9 


4 


5-lOL 


a3 


2+ 


<2 


1.7 


3+ 


2-5 


73 


4 


5-lOL 


13 


2+ 


<2 


23 


3+ 


2-5 


23 


3- 


<2 


23 


3+ 


2-5 


3.7 


3+ 


2-5 


S3 
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47 



10 



15 



20 



25 



30 



35 



Sample Estimated Neutrophil 

Number Color Source Ranoe Count 



40 





30 sec 


1 min 


2 min 






38 


1+ 


2 


3+ 


2.5 


3.6 


39 


1+ 


2- 


3+ 


2-5 


3^ 


40 


. 1+ 


2+ 


4- 


2-5H 


6^ 


41 


l-l- 


1+ 


3 


2-5L 


Z8 


42 


1+ 


2- 


3 


2-5 


3.6 


43 


1+ 


2 


3 


2-5 


2.4 


44 


1+ 


1+ 


3 


2-5L 


2.9 


45 


1+ 


2 


4- 


2-5 


3.2 


46 


1+ 


2 


3+ 


2-5 


3.4 


47 


1+ 


2+ 


3+ 


2-5H 


3Jl 


48 


1+ 


2+ 


3+ 


2-5H 


2B 


49 


1+ 


2 


3+ 


2-5 


4X) 


50 


2- 


2+ 


4- 


2-5H 


3.9 


51 


2- 


3- 


4 


5-10 


6bO 


52 


1+ 


2 


4- 


2-5 


&2 


53 


1+ 


2 


3+ 


2-5 


2D 


54 


1+ 


1 


3+ 


2-5 


ss 


54R 


1+ 


2+ 


3+ 


2-5H 


5.5 


55 


1+ 


2 


3 


2-5 


3.4 


56 


2- 


3 


4 


5-10 


5r7 


57 


1+ 


2 


3+ 


2-5 


3L1 


58 


1+ 


2 


3+ 


2-5 


2.9 


59 


1+ 


2 


3 + 


2-5. 


3.7 


60 


2- 


3- 


4- 


5-10 


7.8 


61 


1+ 


2 


4- 


2-5 


3.7 


62 


1+ 


2-,l+ 


3 


2-5L 


25 


63 


1+ 


2 


3+ 


2-5 


33 


64 


1+ 


1+ 


3 


2-5L 


2.7 


65 


l+r2- 


3- 


4 


5-10 


83 


66 


2 


3- 


4- 


5-10 


ai 


67 


1+ 


2 


3+ 


2-5 


3£ 


68 


1+ 


2+ 


3+ 


2-5H 


45 


69 


1+ 


2 


4- 


2-5 


4.7 


70 


1+ 


2- 


3+ 


2-5 


3.1 


71 


2- 


2+,3- 


4- 


2-5H 


&7 


72 


1+ 


2 


3+ 


2-5 


3.7 


73 


1+ 


2 


3+ 


2-5 


5.2 
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Sample 





Numbeir 




Color Source 








30 


sec 1 mill 


2 min 




74 


1+ 


2 


3+ 


5 


75 


1+ 


2- 


3- 




76 


1+ 


2 


3+ 




77 


1+ 


1+ 


2 




78 


2 


3-1- 


4 




79 


2 


3+ 


4+ 


10 


SO 


1+ 


1+ 


2+ 




81 


2+ 


3^,4- 


5 




82 


2+ 


4- 


5- 




83 


1+ 


2 


3+ 




84 


1+ 


2+ 


4- 


15 


85 


1+ 


2 


3+ 




86 


2 


3 


4 




87 


2 


3 


4- 




88 


2- 


2+r3- * 


4 




89 


1+ 


2- 


3 


20 


90 


1+ 


2,2+ 


3+,4- 




91 


2 


3 


4 




92 


1+ 


2,2+ 


3+ 




93 


3 


4 


5- 




93R 


3 


4 


5 


25 


94 


1+ 


2 


3 




95 


1+ 


1+ 


3+ 




95R 


1+ 


2- 


4-, 3+ 




96 


1+ 


2 


3 




97 


2 


3.3- 


4 


30 


98 


2 


3+ 


A 
*• 




99 


1+ 


2- 


3 




100 


2 


3- 


4 




lOOR 


2 


3 


4' 




101 


1+ 


1+ 


3 


35 


.102 


1+ 


2 


3+ 




103 


1+ 


2 


3+ 




104 


2 


3 


4+ 




105 


1+ 


1+ 


3 




106 


1+ 


2 


4- 


40 


107 


2- 


3 


4 



Estimated Neutrophil 
Range Count 



2-5 


4i} 


2-5 


3i) 


2-5 


43 


<2 


L8 


5-10 


7J 


5-10 


113 


<2 


17 


5-lOH 


n7 


5-lOH 


113 


2-5 


12 


2-5H 


4^ 


2-5 


2.9 


5-10 


7.7 


5-10 


&5 


2-5H 


&7 


2-5 


2j4 


2-5H 


sa 


5-10 


6.9 


2-5 


2Z 


>10 


8X) 


>10 


ao 


2-5 


12 


2-5H 


53 


2-5 


55 


2-5 


2j0 


5-10 


8£ 


5-10 


ns 


2-5 


19 


5-10 


18 


5-10 


33 


2-5L 


23 


2-5 


45 


2-5 


42 


5-10 


55 


2-5L 


Z2 


2-5 


35 


5-10 


4d 
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Sample 





Hunnber 




Color Source 








30 sec 


1 1 min 


2 min 




108 


2- 


• 3- 


4 


5 


109 


1+ 


1 


4- 




110 


1+ 


2 


3+ 




111 


1+ 


1+/2- 


3 




112 


1+ 


2+,3- 


4 




113 


1+ 


2+ 


4- 


10 


114 


l-f 


2 


3+ 




115 


1+ 


2- 


3+ 




116 


1+ 


2 


3 




116R 


1+ 


2+ 


4-, 3+ 




117 


l+,2- 


3- 


4- 


15 


118 


1+ 


l+,2- 


3 




119 


1+ 


2 


3+ 




120 


1+ 


2 


3+ 




121 


2- 


3 


4 




122 


2,2- 


3- 


4 


20 


122R 


2- 


3 


4- 




123 


1+ 


2 


4- 




124 


l+,2- 


3- 


4 




125 


1+ 


2 


4-, 3+ 




126 


1+ 


2,2+ 


4 


25 


127 


1+ 


2 


4- 




128 


1+ 


2 


4- 




129 


2- 


3+ 


4+ 




130 


1+ 


2- 


• .A' 




131 


1-f 


2+ 


4+ 


30 


13 IR 


2- 


3,3- 


5,4+ 




132 


1+ 


2,2- 


4 




133 


1+ 


2,2- 


4,4- 




134 


1+ 


2+ 


4+ 




134R 


2- 


3,3= 


5 


35 


135 


1+ 


1+ 


3+ 




136 


1+ 


2+ 


4- 




137 


1+ 


2,2- 


4- 




138 


1+ 


l+,2- 


4- 




139 


.1+ 


l+r2- 


3+ 


40 


140 


1+ 


l+r2- 


4- 



Estimated Neutrophil 
Range Count 



5-10 


S3 


2-5 


34 


2-5 


10 


2-5 


10 


2-5H 


63 


2-5H 


U 


2-5 


10 


2-5 


16 


2-5 


AS 


2-5H 


45 


5-lOL 


S3 


2-5 


23 


2-5 


14 


2-5 


23 


5-10 


49 


5-10 


40 


5-10 


40 


2-5 


23 


5-lOL 


S7 


2-5 


43 


2-5 


40 


2-5 


34 


2-5 


5d 


5-10 


73 


2-5 


4^ 


2-5H 


€L2 


5-10 


62 


2-5 


IS 


2-5 


44 


2-5H 


7^ 


5-10 


7^ 


2-5L 


11 


2-5H 


42 


2-5 


4.6 


2-5 


3.6 


2-5 


43 


2-5 


44 
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10 



15 



20 



25 



30 



35 



Sample 
Kumber 



Color Source 



Estimated Neutrophil 
Range Count 





30 sec 


1 min 


2 min 






141 


1+ 


2 


4- 


2-5 


41 


142 


1+ 


1+ 


3+ 


2-5L 


22 


143 


1+ 


1+ 


3- 


2-5L 


2X) 


144 


1+ 


2r2- 


4- 


2-5 


2ja 


145 


1+ 


1+ 


3+ 


2-5L 


2.7 


146 


1+ 


1+ 


3 


2-5L 


Z4 


147 


1+ 


1+ 


3 


2-5L 


2S) 


148 


1+ 


2 


4- 


2-5 


23 


149 


2+ 


3+ 


5 


5-lOH 


63 


150 


1+/2- 


3-, 2+ 


4+ 


2-5H 


53 


151 


1+ 


1+ 


3+ 


2-5L 


2A 


152 


1+ 


1+ 


3+ 


2-5L 


2JS 


153 


2+ 


3+ 


5 


5-lOH 


S£ 


154 


1+ 


1+ 


3+ 


2-5L 


44 


155 


1+f 2- 


2+ 


4+ 


2-5H 


SJO 


156 


1+ 


2-1- 


4+ 


2-5H 


S3 


157 


1+ 


l+f2- 


4- 


2-5 


23 


158 


1+ 


3 


5 


5-lOL 


7.8 


159 


1+ 


1+ 


4- 


2-5L 


^l 


160 


1.2- 


3- 


5 


5-lOL 


5^ 


161 


1+ 


1+ 


3+ 


2-5L 


2.9 


162 


1+ 


2.2+ 


4 


2-5 


5X) 


163 


2+ 


4- 


5+,6 


5-lOH 


117 


164 


3 


4 


5,5+ 


>10 


63 


164R 


2+ 


4-,3+ 


5+ 


5-lOH 


SB 


165 


1+ 


2 


4 


2-5 


12 


166 


1+ 


1+ 


3+ 


2-5L 


Z2 


167 


1+ 


l+r2- 


4- 


2-5 


3^ 


168 


2- 


3- 


5 


5-10 


lA 


169 


1+ 


2+ 


4+ 


2-5H 


44 


170 


l+,2" 


3 


5 


5-lOL 


5.7 


171 


1+ 


2- 


3+ 


2-5 


3^ 


172 


1+ 


2- 


3+ 


2-5 


2.7 


173 


1+ 


2 


3+,4- 


2-5 


24 


173R 


1+ 


2,2- 


4 


2-5 


24 


174 


l+r2- 


2+ 


4+ 


2-5h 


4.2 



40 
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Sample 








Estimated Neutrophil 




Number 


30 sec 


Color Source 
t 1 min 


2 min 


Ranae 


Count 




175 


2- 


3 


4+,5- 


5-10 


5^ 


5 


176 


1+ 


1+ 


3 


2-5L 


2.1 




177 


2-,l+ 


3- 


4+ 


5-lOL 


a7 




178 


2+ 


3+,4- 


S+,6 


5-lOH 


7,0 




179 


1+ 


1+ 


2+,3- 


<1 


2J. 




180 


1+ 


l+r2- 


4- 


2-5 


33 


10 


181 


l+,2- 


2 


4- 


2-5 


3^ 




182 


2 


3,3+ 


5 


5-10 


6.6 




183 


l+,2- 


2+ 


4- 


2-SH 


44 




184 


1+ 


1+.2- 


3+ 


2-5 


3:3 




185 


1+ 


2,2+ 


4 


2-5 


7^ 


15 


186 


1+ 


1+,1- 


3+ 


2-5 


23 




187 


1+ 


2 


4 


2-5 


SI 




188 


1+ 


2,2+ 


4 


2-5 


5.4 




189 


1+ 


1+ 


3 - 


2-5L 


3A 




190 


1+ 


l+,2- 


3+ 


2-5 


6.9 


20 


190R 


1+ 


2,2- 


3+ 


2-5 


6.9 




191 


1+ 


l+,2- 


3+ 


2-5 


63 




191R 


1+ 


l+,2- 


3+ 


2-5 


63 




192 


1+ 


1+ 


3 


2-5L 


42 




193 


1+ 


2 


3+,4- 


2-5 


&0 


25 


193R 


1+ 


2+ 


4 


2-5H 


6.0 




194 


1+ 


2 


4- 


2-5 


53 




195 


1+ 


2 


4- 


2-5 


6l5 




195R 


1+ 


2,2+ 


4- 


2-SH 


as 




196 


1+ 


2- 


3,3+ 


2-5 


43 


30 


197 


1+ 


2+,2- 


3 


2-5 


2J0 




198 


1+ 


1+ 


3 


2-5L 


34 




199 


1+ 


2 


4 


2-5 


09 




199R 


2- 


2,2+ 


4,4- 


2-5 


a9 




200 


1+ 


1+ 


2+ 


<2 




35 




L s low 


end of range 









detailed 



H s high end of range 
R » repeated sample 

As will be apparent from the foregoing 
discussion and examples, the functions of the 
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granulocyte disruption reagent and the indicator are 
preferably combined in a single assay medium. This 
medium is preferably formulated as follows: 
Constiltugnt Cpnc^ql^ration 
5 Buffer (pH 4.0-7.0) ca. 50 mM 

Chromogenic Donor Dye 0.08 to 2.0 mg/ml 

3-toino-l,2,4-tria2ole 30 to 75 mM 

(if an inhibitor is required) 

Granulocyte Disruption Reagent ca. 0.00167%-0. 0167% 
10 Peroxide 0.0005 to 0.00065%. 

The invention may be embodied in many forms 
without departing from the spirit or essential charac- 
teristics of the invention. The present embodiments 
are therefore to be considered in all respects as 
15 illustrative and not restrictive, the scope of the 
invention being indicated by the appended claims 
rather than by the foregoing description; and all 
changes which come within the meaning and range of 
equivalency of the claims are therefore intended to be 
20 embraced therein. 



wo 93/01306 



PCr/CA92/00291 



53 
CLAIMS 

What is claimed is: 

1. A method of ascertaining the presence 
5 and level of granulocytes in a blood sample which 
comprises the steps of; 

providing an assay medium which includes a 
peroxide and an oxidation-sensitive indicator; 

withdrawing the blood sample from a subject; 
10 so processing the blood sample as to neu- 

tralize components of the sample that might interfere 
with a determination of the granulocytes in the 
sample; 

subsequently disrupting the granulocytes in 
15 the blood sample in a manner effective to release 
intracellular myeloperoxidase present in said granulo- 
cytes; 

bringing the peroxide and indicator in the 
assay medium into contact with the released myelo- 
20 peroxidase to catalyze reactions between the peroxide 
and the oxidation-sensitive indicator that will effect 
a change in an observable characteristic of said 
indicator; and 

thereafter inspecting said indicator and 
25 employing a change in the observable characteristic of 
the indicator as evidence of the presence and/or 
concentration of granulocytes in the blood sample. 

2. A method as defined in claim 1 in which 
interference with the determination of granulocyte 
30 presence and concentration attributable to other 
components of the blood is neutralized by incorporat- 
ing in the assay medium an effective amount of a 
catalase inhibitor. 
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3 . A method as defined in claim 2 in which 
the catalase inhibitor is 3-amino-l,2,4-tria20le. 

4. A method as defined in claim 3 in which 
the concentration of the catalase inhibitor in the 

5 assay medium is ca. 30-75 millimolar. 

5. A method as defined in claim 1 in which 
granulocyte cells in the sample are disrupted to 
release myeloperoxidase from said cells solely by 
treating said cells with an effective amount of a 

10 detergent in the assay medium. 

6. A method as defined in claim 5 in which 
the detergent is hexadecyltrimethylammonium bromide or 
a polyethylene ether detergent and the concentration 
of the detergent in the aqueous solution is in the 

15 range of 0.00167 to 0.0167 percent. 

7. A method as defined in claim 1 in which 
the peroxide is one of the following: urea hydrogen 
peroxide, cumene hydroperoxide, hydrogen peroxide or 
a peroxide formed in vitro by the action of glucose 

20 oxidase on glucose. 

8. A method as defined in claim 7 in which 
the peroxide is hydrogen peroxide and said hydrogen 
peroxide is present dn the assay medium in a concen- 
tration of ca. 0.0005 to 0.00065 percent. 

25 9. A method as defined in claim 1 In which 

the oxidation-sensitive indicator is a chromogenic 
donor dye. 

10. A method as defined in claim 9 in which 
the dye is o-tolidine, 2,2'-azino-bis(3-ethylben2thia- 

30 2oline-6-sulfonic acid), or 3,3S5,5'-tetramethyl- 
benzidine. 

11. A method as defined in claim 1 which 
includes the step of including in the assay medium a 
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buffer which is effective to inhibit changes in the pH 
of said medium as species with acidic or basic pH's 
are added to or created in the assay medium. 

12 . A method as defined in claim 11 in 
5 which the buffer comprises a mixture of phosphates or 

a mixture of citrates. 

13. A method as defined in claim 12 in 
which the buffer is a citrate buffer with a pH of 4.0 
to 5.0 or a phosphate buffer with a pH of 6.0 to 7.0. 

10 14. A method as defined in claim 13 in 

which the indicator is o-tolidine and the buffer is a 
citrate buffer with a pH of ca. 5.0 in an amount such 
that color changes in the indicator will accurately 
reflect the level of granulocytes in samples with low 

15 levels of those cells. 

iS* A method as defined in claim 13 in 
which the indicator is o-tolidine and the buffer is a 
citrate buffer with a pH of ca. 4.0 in a concentration 
such that color changes in the indicator will accu- 

20 rately reflect the granulocyte level in samples with 
elevated granulocyte counts. 

16. A method as defined in claim 1 in which 
the assay medium includes a hydrogen donor in an 
amount effective to control that point in time at 

25 which a myeloperoxidase-catalyzed reaction of the 
peroxide in the assay medium will effect a change of 
given magnitude in the observable characteristic of 
the oxidation-sensitive indicator. 

17. A method as defined in claim 16 in 
which the proton donor is ascorbic acid in a concen- 
tration of not more than one millimole. 

18. A method as defined in claim i in which 
the neutralization is effected by separating from the 



30 
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granulocytes in the blood sample unwanted components 
which might interfere with a change in that observable 
characteristic of the oxygen-sensitive indicator which 
is reflective of the level of granulocytes in the 
5 saiaple. 

19. A method as defined in claim 18 in 
which the unwanted components are separated by hypo- 
tonic lysis. 

20. A method as defined in claim 19 in 
10 which said hypotonic lysis is effected by so contact- 
ing the sample with an aqueous medium as to promote 
the dissolution of red blood cells and the removal of 
potentially interfering cellular constituents while 
leaving behind granulocytes present in the blood. 

15 21. A method as defined in claim 20 in 

which the removal of unwanted substances is promoted 
by applying a positive or negative pressure or both a 
positive and a negative pressure to the aqueous medium 
with which blood sample is lysed. 

20 22. A method as defined in claim 1 in which 

the level of granulocytes in the blood sample is 
ascertained by observing the time required for a 
specific change in the observable characteristic of 
the oxygen-sensitive indicator. 

25 23 . A method as defined in claim 1 in which 

the level of granulocytes in the blood sample is 
ascertained by observing the change undergone in the 
observable characteristic of the oxygen-sensitive 
indicator in a period of designated duration. 

30 24. A method as defined in claim 1 in which 

the granulocyte level of the sample is ascertained by 
comparing the observable characteristic of the oxygen- 
sensitive indicator with a pre-established standard. 
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25. A method as defined in claim 1 in which 
the observable characteristic of the indicator is 
color. I 

26. A method as defined in claim 1 in which 
5 the blood sample is obtained by drawing blood and 

taking up a sample of the blood with a capillary tube 
treated so as to inhibit clotting of the blood. 

27. A method as defined in claim 26 in 
which the capillary tube is treated by siliconizing 

10 its interior surfaces. 

28. A method as defined in claim 21 in 
which the capillary tube is treated with an anticoagu- 
lant. • 

29. A method as defined in claim 28 in 
15 which the anticoagulant is KjEDTA or sodium heparin. 

30. A diagnostic kit for detecting the 
presence of granulocytes in a blood sample and for at 
least semiquantitatively ascertaining the concentra- 
tion of granulocytes in the sample, said kit compris- 

20 ing: 

means for neutralizing blood components 
having the potential to interfere with the detecting 
of the granulocytes and the ascertaining of the 
granulocyte level; 

a chemical reagent for so disrupting granul- 
ocytes in the blood sample as to release intracellular 
myeloperoxidase from said granulocytes; 

an indicator with an observable, chemically 
alterable characteristic; and 

a peroxide capable of being so catalyzed by 
said myeloperoxidase as to undergo a chemical reaction 
which will produce an indicator characteristic change 
reflecting the presence of myeloperoxidase and, 
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consequentially, of the granulocytes from which the 
myeloperoxidase was released. 

31. A diagnostic kit as defined in claim 30 
in which the chemical reagent, the indicator and the 

5 peroxide are constituents of an assay medium. 

32. A diagnostic kit as defined in claim 31 
in which the assay medium also contains a buffer 
effective to inhibit changes in the pH of said medium 
as species with acidic or basic pH's are, added to or 

10 created in the assay medium. 

33. A diagnostic kit as defined in claim 32 
in which the buffer comprises a mixture of phosphates 
or a mixture of citrates. 

34. A diagnostic kit as defined in claim 31 
15 in which the indicator is a chromogenic donor dye and 

the assay medium includes a proton donor in an amount 
effective to control that point in time at which 
myeloperoxidase-catalyzed reduction of the peroxide in 
the assay medium will effect a change in the color of 
20 the indicator. 

35. A diagnostic kit as defined in claim 30 
which comprises means for taking the blood sample from 
a subject. 

36. A diagnostic kit as defined in claim 35 
25 in which the means for taking the blood sample is a 

calibrated capillary tube so treated as to inhibit the 
clotting of blood drawn from the subject. 

37. A diagnostic kit as defined in claim 30 
in which the means for neutralizing potentially 

30 interfering blood components comprises means for 
removing from the blood sample cell components with 
the potential of interfering with the results afforded 
by the procedure implemented with the kit. 
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38. A diagnostic kit as. defined in claim 37 
in which the means for removing potentially interfer- 
ing components from the blood sample compriises means 
for washing the blood sample with an aqueous mediixm. 
5 39. A diagnostic kit as defined in claim 38 

which includes means for so applying a positive or 
negative pressure or combination thereof to the 
aqueous medium as to facilitate the removal of the 
potentially interfering components from said sample 
10 and to fix the left behind granulocytes to a sub- 
strate • 

40. A diagnostic kit as defined in claim 30 
which includes a porous substrate on which the granul- 
ocytes in the blood sample can be immobilized to 
15 facilitate the detection of said granulocytes and the 
evaluation of the granulocyte concentration in the 
blood sample, said substrate being fabricated from a 
material which has the capability of remaining struc- 
turally integral when wetted. 

20 41. A diagnostic kit as defined in claim 

30: 

in which the indicator is a chromogenic 
donor dye with the ability to change color in a manner 
reflecting the concentration of granulocytes in the 
25 blood sample; and 

wherein said kit further comprises a color 
standard having granulocyte level-representing colors 
with which the color developed in the dye can be 
matched to identify the granulocyte concentration in 
30 said blood sample. 

42. A diagnostic kit as defined in claim 30 
in which the means for neutralizing blood components 
having the ability to interfere with the detection of 
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leukocytes and the ascertaining of the granulocyte 
concentration is a catalase inhibitor. 

43. A diagnostic kit as defined in claim 42 
in which the catalaise inhibitor is 3-aiaino-lr2, 4- 

5 triazole. 

44. A diagnostic kit as defined in claim 42 
in which the means for disrupting granulocytes and 
releasing intracellular myeloperoxidase consists 
essentially of a detergent. 

id 45. A diagnostic kit as defined in claim 44 

in which the detergent is hexadecyltrimethylcunmonium 
bromide or a polyexylene ether detergent and the 
concentration of the detergent in the assay mediiim is 
in the range of 0.00167 to 0.0167 percent. 

15 46. A diagnostic kit as defined in claim 30 

in which the peroxide is one of the following: urea 
hydrogen peroxide, cumene hydroperoxide, hydrogen 
peroxide or an in vitro peroxide generated by the 
action of glucose oxidase on glucose. 

20 47. A diagnostic kit as defined in claim 46 

in which the peroxide is hydrogen peroxide, 

48. A diagnostic kit as defined in claim 30 
in which the indicator is a chroraogenic donor dye. 

49. A diagnostic kit as defined in claim 48 
25 in which the dye is o-tolidine, 2,2'-azino-bis(3- 

ethylbenzthia20line-6-sulf onic acid) , or 3, 3', 5,5'- 
tetramethylbenz idine . 

50. An assay medium for granulocytes which 

comprises : 

30 a detergent for so disrupting granulocytes 

present in a blood sample as to make intracellular 
myeloperoxidase available from said granulocytes 
without mechanical aid; 
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a peroxide; and 

a chromogenic donor dye so formulated that 
myeloperoxidase make available by said detergent will 
catalyze oxidation-reduction reactions between the 
5 peroxide and the dye and thereby effect a change in 
the color of the dye which reflects the presence and 
level of granulocytes in the sample. 

51. An assay medium as defined in claim 50 
which also includes a catalase inhibitor in an amount 

10 effective to neutralize the effects of constituents of 
the sample with the potential of interfering with the 
results of the assay. 

52. An assay medium as defined in claim 51 
in which the catalase inhibitor is 3-amino-l, 2 , 4- 

15 triazole. 

53. An assay medium as defined in claim 52 
in which the concentration of the catalase inhibitor 
in the assay medium is ca. 75 millimolar. 

54. An assay medium as defined in claim 50 
20 in which the detergent provided to disrupt granulo- 
cytes is hexadecyltrimethylammonium bromide or a 
polyethylene ether detergent and the concentration of 
the detergent in the assay medium is 0.00167 to 0.0167 
percent. 

25 55. An assay medium as defined in claim 50 

in which the peroxide is one of the following: urea 
hydrogen peroxide , cumene hydroperoxide, hydrogen 
peroxide or a peroxide formed in vitro by the action 
of glucose oxidase on glucose. 

30 56. An assay medium as defined in claim 55 

in which the peroxide is hydrogen peroxide and said 
hydrogen peroxide is present in a concentration 
ranging from about 0.0005 to 0.00065 percent. 
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57. An assay medium as defined in claim 50 
in which the chromogenic donor dye is o-tolidine in a 
concentration of 0.08 to 2.0 mg/ml. 

58. An assay mediiim as defined in claim 50 
5 in which the buffer is a citrate buffer with a pH of 

4.0 to 5.0. 

59. An assay medium as defined in claim 50 
in which the buffer is a phosphate buffer with a pH in 
the range of 6.0 to 7.0. 

10 60. An assay medium as defined in claim 50 

which also includes a proton donor in an aunount 
effective to control that point in time at which a 
myeloperoxidase-promoted reaction of the peroxide will 
effect the development of color in the chromogenic 

15 donor dye. 

61. An assay medium as defined in claim 60 
in which the proton donor is ascorbic acid in a 
concentration of ca. one mM. 

62. An assay medium which comprises: 
20 Constituent Concentration 

Buffer (pH 4.0-7.0} ca. 50 mH 

Chromogenic Donor Dye 0.08 to 2.0 mg/ml 

Granulocyte Disruption Reagent ca. 0.0067-0.0167% 
Peroxide 0 . 0005 to 0 • 00065% . 

25 63. An assay medium as defined in claim 62 

which includes 3-amino-l,2,4-triazole in a concentra- 
tion of 30 to 75 mM. 

64. An assay medium as defined in claim 62 
in which the buffer is a citrate buffer and has a pH 

30 in the range of 4.0 to 5.0, 

.65. An assay medium as defined in claim 62 
in which the buffer is a phosphate buffer and has a pH 
in the range of 6.0 to 7.0. 
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66. An assay medium as defined in claim 62 
in which the chromogenic dye is o-tolidine in a 
concentration of 0.08 to 2.0 mg/ml. 

67. An assay medium as defined in claim 62 
5 in which the granulocyte disruption reagent is a 

polyethylene ether detergent in a concentration of ca. 
0.005 percent. 

68. An assay medium as defined in claim 62 
in which the leukocyte disruption reagent is hexade- 

10 cyltrimethylammonium bromide in a concentration of ca. 
0.005 percent. 

69. An assay medium as defined in claim 62 
in which the peroxide is 30 percent hydrogen peroxide 
in a concentration of from 0.0005 to 0.00065 percent. 

15 70. An assay device usable in detecting the 

presence of granulocytes in a blood sample and in 
providing an at least quantitative determination of 
the concentration of granulocytes in said sample, said 
device comprising: 

20 a housing; 

a porous, housing-associated means for: (a) 
receiving a mixture of unlysed granulocytes and a 
reagent which is employed to prelyse red blood cells 
in the sample and contains constituents of the sampled 

25 blood, and (b) trapping the unlysed granulocytes while 
passing the reagent; 

means for isolating the unlysed granulocytes 
from the separated reagent; and 

means for confining to the vicinity of the 

30 unlysed granulocytes an assay medium subsequently 
added to said device to release intracellular myelo- 
peroxidase from the trapped granulocytes and to effect 
a myeloperoxidase-catalyzed change in an observable 
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Characteristic of a second assay medium constituent 
that will reflect the presence and/ or concentration of 
granulocytes in the blood sample. 

71. An assay device as defined in claim 70 

5 in which: 

the observable change is color; and 
the device also has a housing-associated 
color standard against which the color developed in 
the second assay medium constituent can be compared to 
10 make the determination of granulocyte presence or 
concentration. 

72. An assay device as defined in claim 70 
in which the means for isolating the separated lysing 
reagent from the unlysed granulocytes comprises a 

15 fluid absorbing component in said housing. 

73. An assay device as defined in claim 70 
which comprises a slide that can be displaced to a 
location between the granulocyte trapping means and 
the fluid absorbing means to prevent the migration of 

20 previously separated fluid from the absorbing means to 
and through the granulocyte trapping means. 

74. A diagnostic kit which includes an 
assay device as defined in claim 73 and means for 
creating a pressure differential across the granule- 

25 cyte trapping means and thereby: (a) promoting an 
efficient separation of the lysing reagent from the 
unlysed granulocytes, and (b) fixing the granulocytes 
to the trapping means. 

75. A diagnostic kit as defined in claim 74 

30 in which: 

there is an aperture in said housing provid- 
ing fluid communication through the fluid absorbing 
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means and the granulocyte trapping means to that side 
of the latter on which the granulocytes are trapped; 

the means for creating the pressure differ- 
ential is a syringe; and 
5 the diagnostic kit also includes an adapter 

means for so coupling the syringe to the assay device 
housing as to provide fluid communication through said 
housing between said side of said granulocyte trapping 
means and the interior of the syringe. 

10 76. An assay device as defined in claim 74 

in which the granulocyte trapping means is a water 
repellent membrane and is therefore capable of keeping 
absorbed lysing reagent from migrating from the 
absorbing means through the trapping means to that 

15 side of the latter on which the granulocytes are 
trapped. 

77. k diagnostic kit as defined in claim 72 

in which: 

there is an aperture in said housing provid- 
20 ing fluid communication through the fluid absorbing 
means and the granulocyte trapping means to that side 
of the latter on which the granulocytes are trapped; 

the means for creating the pressure differ- 
ential is a syringe; and 
25 the diagnostic kit also includes an adapter 

means for so coupling the syringe to the assay device 
housing as to provide fluid communication through said 
housing between said side of said granulocyte trapping 
means and the interior. of the syringe. 
30 78. An assay device as defined in claim 77 

in which the granulocyte trapping means is a water 
repellent membrane and is therefore capable of keeping 
absorbed lysing reagent from migrating from the 



• 
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absorbing means through the trapping means to that 
side of the latter on which the granulocytes are 
trapped. 

79. An assay device as defined in claim 70 
5 in which the granulocyte trapping means is a water 

repellent membrane and is therefore capable of keeping 
absorbed lysing reagent from migrating from the 
absorbing means through the trapping means to that 
side of the latter on which the granulocytes are 
10 trapped. 

80. An assay device as defined in claim 70 
which comprises a component in said housing on the 
side of the fluid absorbing component opposite the 
granulocyte trapping means which can be collapsed by 

15 the pressure exerted by the absorbing means as the 
latter absorbs fluid and swells to thereby keep the 
fluid absorbing means from contacting and damaging the 
granulocyte trapping means. 

81. A diagnostic kit which comprises an 
20 assay device as defined in claim 70 and means for 

taking a guantitized sample of blood from a subject. 

82. A diagnostic kit as defined in claim 81 
which includes a closable container means to which 
said sample and a lysing reagent can be transferred to 

25 effect cell disrupting contact between the reagent and 
red cells in the blood sample. 

83. A diagnostic kit as defined in claim 82 
in which the assay device housing has means to which 
the container means can be so assembled as to transfer 

30 the contents of the container to the granulocyte 
trapping means. 
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84 . A diagnostic kit as defined in claim 81 
in which the means for taking the blood sample com- 
prises a calibrated microcapillary tube. 
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